Abstract. The aim of the present study was to evaluate the prognostic values of the N-terminal peptide of pro-atrial natriuretic peptide (NT-proANP) and the N-terminal fragment of B-type natriuretic peptide (NT-proBNP) in severe trauma patients developing multiple organ dysfunction syndrome (MODS). Out of the 126 severe trauma patients that were admitted to the Emergency Intensive Care Unit of the General Hospital of Shenyang Military Region between January 2009 and December 2011, 26 patients with multiple injuries and an injury severity score (ISS) of >16 points were included in the study. The MODS score was calculated on admission as well as 24, 48 and 72 h after the injury. Patients were divided into two groups: Group A consisted of patients with minor signs of organ dysfunction (MODS score, ≤4 points) and group B of patients with major organ dysfunction (MODS score, >4 points). Venous blood (5 ml) was extracted from the patients on admission and 6, 12, 24, 48 and 72 h after the injury. The Elecsys proBNP ® and proANP ® assays were used to determine the NT-proBNP and NT-proANP levels, respectively. The changes in the levels of C-reactive protein, white blood cells and neutrophils were detected and analyzed on admission. Acute physiology and chronic health evaluation Ⅱ scores and ISSs were collected 72 h after the injury. The hemodynamic monitoring of cardiac index (CI) was performed using The Pulse index Continuous Cardiac Output system. The serum NT-proANP and NT-proBNP concentrations were elevated in all 26 patients. Upon admission, the serum NT-proANP and NT-proBNP values were 637.3±8.9 and 137.3±8.9 pmol/l, respectively, in group A and 1,185.0±7.2 and 185.0±7.2 pmol/l, respectively, in group B. The NT-proANP and NT-proBNP levels in group A were significantly lower than those in group B at all subsequent time-points (P<0.001). By contrast, the CI in group A was significantly higher than that in group B at all time-points (P<0.001). An inverse correlation was observed between the NT-proANP or NT-proBNP concentration and CI at 24, 48 and 72 h after the injury (r=-0.679 and -0.772, respectively; P<0.001). In conclusion, the serum NT-proANP and NT-proBNP concentrations following multiple injuries have been found to be significantly correlated with the clinical signs of MODS, and a distinct correlation has been observed between the levels of serums NT-proANP and NT-proBNP and decreased CI. The data of this pilot study suggest that NT-proANP and NT-proBNP levels may be of value in the diagnosis of post-traumatic cardiac impairment.
Introduction
Severe post-traumatic complications, such as pyohemia and systemic inflammatory response syndrome (SIRS), comprise the major cause of mortality in hospitals, with a mortality rate of 30-50%. SIRS can eventually result in multiple organ dysfunction syndrome (MODS) (1) . In the later stages of severe trauma, blood vessels throughout the body, but particularly small blood vessels, have a low responsiveness to vasoactive drugs. As a consequence, the blood pressure cannot be effectively improved; it becomes difficult to enhance tissue perfusion; cells become subject to oxygen deficit; the damage progressively worsens and the release of inflammatory factors is increased, leading to a 'waterfall effect'. These events comprise the major pathological factors of MODS (2, 3) .
A number of studies have shown that certain cytokines that are intimately associated with inflammation, such as endothelin-1 and Toll-like receptors, play an important role in the development of organ dysfunction (4, 5) ; however, these results have only been evident in animal studies and therefore cannot be used to generate a clinical index for the diagnosis of MODS during its development in humans. Other studies have found that serum atrial natriuretic peptide (ANP) and β-type natriuretic peptide (BNP) levels exhibit marked increases in numerous types of disease, including heart failure, acute lung injury (ALI), septic shock, burns and electrical injury, and that these increases are closely associated with the hemodynamic index (6, 7) . Compared with traditional inflammatory markers and trauma scoring systems, however, the correlation between the levels of serum N-terminal peptide of pro-ANP (NT-proANP) and N-terminal fragment of BNP (NT-proBNP), which are used as indicators of the trauma-induced development of MODS, and the hemodynamic index following severe trauma is rarely reported. The aim of the present study, therefore, was to evaluate the prognostic value of serum NT-proANP and NT-BNP in severe trauma patients with MODS and to perform a correlation analysis between these indicators and the hemodynamic index.
Materials and methods
Clinical data. One hundred and sixteen severe trauma patients, who had been admitted to the Emergency Intensive Care Unit of the General Hospital of Shenyang Military Region (Shenyang, China) between January 2009 and December 2011, were examined. All the necessary clinical tests were performed, including vital signs, blood, urine and liver and kidney function tests and blood gas analysis. In addition, all patients underwent central venous catheterization, Pulse index Continuous Cardiac Output (PiCCO) measurement (Pulsion Medical Systems SE, Munich, Germany), electrocardiography, blood pressure and heart rate monitoring, and blood oxygen saturation and blood gas analyses. The inclusion criteria were as follows: i) No injury history; ii) injury severity score (ISS), ≥16; iii) age, ≥18 years; iv) time interval between trauma and admission, <90 h. In addition, patients meeting the following criteria were excluded from the study: i) Mortality within 24 h after trauma; ii) main diagnosis, cardiac trauma; iii) intracranial hemorrhage; iv) heart, liver, kidney or endocrine history. Following admission, the age, gender, cause of trauma and medical history of the patients were recorded. The patients were given 24 h fluid resuscitation and anti-inflammatory treatment, and the aforementioned tests and observations, including 24-h urine volume and PiCCO monitoring, were performed. This study was approved by the ethics committee of the General Hospital of Shenyang Military Region, and informed consent was obtained from all patients or patient guardians.
Grouping method. The MODS score (Table I) was calculated on admission, as well as 24, 48 and 72 h after the injury. The patients were divided into two groups: Group A (MODS scores ≤4 points over 2 days) and group B (MODS scores >4 points).
Testing indices. Venous blood (5 ml) was collected following admission and 6, 12, 24, 48 and 72 h after the injury. Differences in serum levels of NT-proANP and NT-proBNP were detected using a rapid detector (Roche Diagnostics Gmbh, Mannheim, Germany). The normal serum NT-proANP and NT-proBNP levels are <1,000 and <100 pmol/l, respectively. The changes in the levels of C-reactive protein (CRP), white blood cells (WBCs) and neutrophils were detected and analyzed on admission (in 24 h). The acute physiology and chronic health evaluation Ⅱ (APACHE Ⅱ) scores and ISSs were collected 72 h after the injury. The hemodynamic monitoring of the cardiac index (CI) was performed upon admission and 24, 48, and 72 h after the injury using the PiCCO system. Statistical analysis. SPSS software (version 15.0; SPSS, Inc., Chicago, IL, USA) was used for the statistical analysis and the t-test was used for the comparison between the two groups. The results are presented as the mean ± standard deviation, and P<0.05 was considered to indicate a statistically significant difference. In the correlation analysis, P<0.05 was considered to indicate a statistically significant linear correlation. The closer the absolute value of the correlation coefficient (r) to 1, the stronger its relevance.
Results
Basic patient characteristics. Out of the 116 examined patients, 26 were included in the study; 16 were assigned to group A and 10 to group B. No significant differences were found in the basic characteristics and the ISSs between the two groups (P>0.05); by contrast, the APACHE Ⅱ score of the patients in group B was significantly higher than that of the patients in group A (P<0.05) ( Table II) .
MODS score. The MODS scores were calculated on admission, as well as 6, 12, 24, 48 and 72 h after the injury. The scores of the patients in group B were significantly higher than those of the patients in group A at the time of admission, as well as after 24, 48 (P<0.05) and 72 h (P<0.01) ( Table III) .
Concentrations of serum NT-proANP and NT-proBNP.
The concentrations of serum NT-proANP and NT-proBNP were measured on admission, as well as 6, 12, 24, 48 and 72 h after the injury. In group A, the concentrations of serum NT-proANP at the respective time-points were 637.3±8.9, 857.4±5.8, 874.1±8.6, 999.3±11.0, 1,024.9±15.6 and 1,087.6±7.5 pmol/l, while in group B they were 1,185.0±7.2, 1,901.9±11.0, 2,288.3±11.3, 2,908.2±12.0, 3,558.2±143.0 and 4,295.9±160.8 pmol/l. Twelve hours after admission, the difference in the serum NT-proANP concentration between the two groups was highly statistically significant (P<0.01) (Fig. 1) .
The concentrations of serum NT-proBNP in group A on admission and at the 6-, 12-, 24-, 48-and 72-h time-points were 137.3±8.9, 157.4±5.8, 174.1±8.6, 199.3±11.0, 224.9±15.6 and 191.6±7.5 pmol/l, respectively, while in group B they were 185.0±7.2, 201.9±11.0, 328.3±11.3, 708.2±12.7, 1,258.2±143.0 and 1,936.9±160.8 pmol/l, respectively. At 24 h, the difference in the serum NT-proBNP concentration between the two groups was highly statistically significant (P<0.01) (Fig. 2) .
Correlation analysis between the serum NT-proANP and NT-proBNP concentrations and the hemodynamic index.
Seventy-two hours after the injury, the correlations between the serum NT-proANP and NT-proBNP concentrations and the CI (Table IV) and systemic vascular resistance index (SVRI) were analyzed. The SVRI was determined directly using the PiCCO machine. An inverse correlation was observed between the serum NT-proANP/NT-proBNP concentration and CI (r=-0.679 and -0.772, respectively; P<0.001). The NT-proBNP level showed a stronger correlation with the CI than the NT-proANP level (Figs. 3 and 4) .
Discussion
Trauma is considered by some to be one of the worst epidemics of the 20th century. The number of recorded trauma victims has been unprecedented and the subsequent costs severe (1).
Despite the indisputable development of medical science, traumatic injuries and post-traumatic complications remain an important problem requiring an urgent solution.
Natriuretic peptides, including ANP, BNP and C-type natriuretic peptide, are cardiac hormones synthesized and secreted by ventricular myocytes. The endocrine activity of these hormones includes natriuresis, diuresis, dilation of blood vessels and inhibition of the renin-angiotensin-aldosterone and sympathetic nervous systems. The hormones are additionally known to play a positive role in the preload and afterload reduction in patients with heart failure (8). A previous study has reported that the physiological effect of ANP is to control arterial blood pressure by regulating the CI and SVR, while BNP is involved in the acute inflammatory response to tissue damage (9) . In severe post-traumatic complications, such as SIRS and MODS, the dysfunction in microcirculatory vasoconstriction causes a fall in blood pressure, which leads to Results are presented as the mean ± standard deviation. ISS, injury severity score; APACHE Ⅱ, acute physiology and chronic health evaluation Ⅱ; CRP, C-reactive protein; WBC, white blood cell. Results are presented as the mean ± standard deviation. little or no urine, dilation of the blood vessels and inhibition of the sympathetic nervous system, which negatively affects the state of the severe trauma patients (10).
Hoffmann and Brueckmann (11) measured the serum NT-proBNP level in 57 septic patients using ELISA and observed that the NT-proBNP concentration was notably increased compared with the levels of the controls. At an NT-proBNP concentration of >1,400 pmol/l, a 3.9-fold increase in mortality rate was found. NT-proBNP was therefore established as an indicator of the severity of sepsis (11). Kotanidou et al (12) studied 233 patients in a critical condition but with no heart disease and found that the serum NT-proBNP concentration increased as the condition of the patients was aggravated. A positive correlation was noted between the NT-proBNP concentration and inflammatory factors; therefore, the serum NT-proBNP concentration could be used independently to calculate the prognosis of critical patients. Mitaka et al (13) found that the serum NT-proBNP level in patients with ALI was positively correlated with the SVRI and pulmonary vascular resistance index and inversely correlated with the CI. A positive correlation between NT-proANP and pulmonary capillary wedge pressure showed that they had value for the diagnosis of ALI. The present study found that the NT-proANP and NT-proBNP levels of the 26 patients were higher than the normal values. The serum peptide concentrations in group B were significantly higher than those in group A and showed a sustained increase up to the 72-h time-point. Both indicators were inversely correlated with CI, which was consistent with the findings of previous studies (8) .
Norepinephrine, a β-receptor agonist, is the first drug used to elevate blood pressure in cases of hypotension caused by traumatic hemorrhagic shock. Since β-receptor activation can increase the CI of severe trauma patients, the administration of norepinephrine may affect the left ventricular ejection fraction of the heart, altering left ventricular function. By contrast, the development of ALI and ARDS as a result of oxygen deficit following trauma leads to an increase in pulmonary vascular resistance, and the use of blood pressure-elevating drugs will further increase this resistance (8) . The administration of catecholamine drugs therefore increases right ventricular afterload, as well as the concentrations of NT-proANP and NT-proBNP (14) .
Although the ISS and APACHE Ⅱ have been suggested to reflect the severity of the traumatic injuries and the physiological function following trauma, in addition to acting as predictors of post-traumatic complications and mortality, they have not, to date, been shown to be capable of predicting the occurrence of or enabling an early diagnosis of MODS. The results of the present study revealed that the basic characteristics and ISSs of the patients exhibited no significant differences; by contrast, the APACHE Ⅱ scores in the two groups of patients were significantly different.
CRP, an acute-phase reactant synthesized in the liver in response to tissue injury or severe infection, is a marker of inflammation that is extensively used in the clinic. CRP has the ability to activate the complement system and improve the activity and movement of phagocytes. WBCs and neutrophils in the peripheral blood are indexes for the diagnosis of SIRS (15) . It is generally recognized that severe trauma can produce an abundance of WBC chemotactic factors, resulting in increases in the number and activation of WBCs and the release of enzymes, such as elastase and matrix metalloproteinase. This leads to cell death, damage to the structural organization and organ dysfunction, and ultimately assists the development of MODS (16) . It has been shown that, compared with CRP, the prognostic values of ANP and BNP in diagnosing and predicting the mortality of septic patients is greater (17) . In the present study, no significant differences in the levels of CRP, WBCs or neutrophils were found between the two groups of patients exhibiting different severities of MODS; this suggested that the three indexes could not be used either to reflect the severity of MODS or as independent prognostic markers. These results were consistent with those of other studies (18) . In the past, body fluid states were monitored using urine volume and central venous pressure measurements or evaluations of hemodynamics using intrusive methods (Swan-Ganz method), leading to an increased risk of recurrent trauma and infection (19, 20) . The present study determined the fluid load state of the body by performing continuous hemodynamic monitoring using the PiCCO system. Point-of-care testing is a relatively new concept in patient assessment. Point-of-care (or bedside) testing is defined as medical testing at or near the site of patient care. These are simple medical blood tests which may be performed at the bedside. Through the use of this rapid, simple, convenient and economic testing method, doctors can monitor the changes in serum NT-proANP and NT-proBNP levels in time and combine these changes with hemodynamic data in order to improve the diagnostic and therapeutic decisions for severe trauma patients.
In conclusion, this study has demonstrated that serum NT-proANP and NT-proBNP levels are closely correlated with the CI. Compared with other traditional inflammatory markers, NT-proANP and NT-proBNP are superior prognostic indicators for the development of MODS in severe trauma patients.
